Fourteen derivatives o f cinnamic and acrylic acids were evaluated for their ability to modu late chemiluminescence, evoked by neutrophils that had been exposed to luminol and phorbolmyristate-acetate. Compounds with one or two hydroxyl groups on the phenyl ring demon strated significant inhibition o f the chemiluminescence, but this inhibition was diminished by methoxylation. Saturation of the double bond in the aliphatic chain of cinnamic acid at C6 -enhanced the chemiluminescence to a small degree. All three acrylic acid derivatives demon strated a marked inhibition of the luminol chemiluminescence, indicating that characteristics of the heterocyclic ring is of utmost importance in this activity.
Introduction
Neutrophils are the first line of defense o f the body against microorganisms. W hen they are acti vated; i.e. during phagocytosis or pinocytosistheir oxygen metabolism is enhanced, respiratory bursts are noticed, and light is emitted [1] [2] [3] . Oxy gen absorbed by the neutrophils via the N A D PHoxidase system is then being reduced to form 0 2'~, which together with other cellular radicals destruct the phagocytized m icroorganism [4, 5] . Excessive production of such oxygen m etabolites and their secretion from the cell (instead of their being inac tivated in it) -damage cellular structures that ini tiate pathological processes in living tissues [6, 7] , Some metabolites released by neutrophils are de rivatives of the inflam m atory agent arachidonic acid [8, 9] .
Derivatives of cinnamic acid and acrylic acid comprise the basic moiety of m any medically-active natural products, e.g. propolis [10] . They also comprise many active drugs, dem onstrating anti inflammatory [11] , anti-thyrotrophic [12] and anti viral properties and prostaglandin-synthetase sti m ulators [13] [14] [15] . The m ajor differences between the variety of these com pounds are the num ber and location of their hydroxyl or methoxyl groups, the possible saturation of the double bond in the aliphatic chain o f the cinnamic acid derivatives, and the variability o f the heterocyclic group of the acrylic acid derivatives. As the mechanism of ac tion of many of these drugs involve anti-oxidation, and in lieu of our long-lasting interest in the phar m acology and therapeutic effects of propolis com ponents, we decided to test the fourteen com pounds, listed in Table I , for their anti-oxidative effect. This was evaluated by quantitating the in tensity by which these com pounds suppress neutrophil-chemiluminescence in the presence o f lumi nol and in response to phorbol-myristate-acetate (PM A). PM A generates oxygen metabolism and chemiluminescence or neutrophils in the presence of luminol which is accompanied by emission of light.
Materials and Methods

Chem icals
Caffeic acid, 3,4-dimethoxycinnamic acid, isoferulic acid and H anks buffer (HBSS) (without phenol red) were purchased from Serva Fine Chem. (Heidelberg, Germany). Luminol (hydrazide o f 5-aminophtalic acid) was bought from LKB Wallac (Turku, Finland) and 3-(2-thienyl)-acrylic acid from Aldrich Chem. Co. (Milwaukee, W.I., U.S.A.). Ferulic acid, o-, m-and />-coumaric acids, cinnamic acid, dihydrocinnamic acid, dihydrocaffeic acid, acrylic acid, 3-(2-furyl)-acrylic acid, 3-(4-imidazolyl)-acrylic acid, kit for myelo peroxidase detection, PM A and histopaque (densi-ty 1.119 and 1.077 g/1) were purchased from Sigma Chem. Co. (St. Louis, M.O., U.S.A.). Dimethyl sulfoxide (DM SO) was purchased from BDH (Poole, England) and glycogen from a serum and vaccine producer in Cracow, Poland. All test com pounds were dissolved in DMSO, and the final DM SO concentration in the test samples was 1% v/v.
N eutrophils
Male albino guinea pigs, 250-300 g BW, were used as donors for neutrophils. Twenty ml 0.1% glycogen in saline were injected into their perito neal cavities, and 18 h later the peritoneal cavities were rinsed with 50 ml HBSS buffer containing 10IU /m l heparin. The washings were collected and centrifuged in a two-step density gradient, with histopaque densities of 1.119 and 1.077 g/1. After purification, the vitality of the neutrophils was checked with trypan blue, which stained only the dead cells. The same staining was also used for evaluating the cytotoxic efficacy of the tested testcom pounds on the neutrophils, used at a concen tration o f 100 |im. Neutrophils containing myelo peroxidase were identified by a modification of H anker's m ethod [16] , using /7-phenylendiamine and catechol as non-cancerogenous substrates.
Chem ilum inescence o f neutrophils
W ashed neutrophils (1 x 106) were suspended in HBSS buffer pH 7.4 and mixed with 10 (j.1 of each of the test com pounds' solutions or with 10 |il of DM SO as controls. Final concentration o f DMSO was 1% v/v. Luminol solution was then added, giving a final concentration of 5.6 x 10"6 m, and the test-tubes were incubated at 37 °C. 5 min later, PM A solution was added, to yield a final concen tration of 1 . 6 x 1 0 _ 7 m, and chemiluminescence was measured for 15 min, as described earlier [17] . The final volume of each sample was 1.0 ml.
Results
The two-step density-gradient purification of the peritoneal guinea-pig neutrophils yielded more than 98% myeloperoxidase-positive cells, with via bility of not less than 96.5%. Their viability was not diminished by any of the com pounds, tested at a concentration of 100 |iM, or by incubating the cells at 37 °C for 1 h.
Oxygen m etabolism of the neutrophils was eval uated by luminol-enhanced chemiluminescence, after stim ulation with PMA. In order to compare the activity of the various test-compounds, their percent of inhibition, as com pared to controls, was calculated, using the following formula:
Nc -N t Inhibition (% ) = XT ■ -* 100 Nc where Nc were the counts per 15 min of the control impulse, and N t the counts per 15 min generated by a test com pound. The inhibitory percentages of the 14 com pounds are listed in Table I . Those values are reported for a final concentration of 10~4 M. The chemiluminescence inhibition by the testcom pounds is the highest when they contain an hydroxyl group in the p a ra position to the side chain o f the cinnamic acid, as com pared to com pounds having such a group in the ortho or m etha positions, or having methoxylated groups. Dihy drogenation of the double bond in the side chain abolishes the inhibition o f chemiluminescence al together, and even tends to enhance PMA-mediated chemiluminescence. No such m odulations were noticed in the control systems, when no luminol or PM A were added to the reaction test-tubes. Am ong the acrylic acid derivatives -3-(4-imidazolyl)-acrylic acid was the most suppressive agent of the heterocyclic com pounds tested.
Discussion
The chemiluminescence of neutrophils depends on the intrinsic cell level of myeloperoxidase, and can take place in various sites within the cell. The latter phenom ena is activated by PM A, which acti vates protein kinase C [18] and a phagocytic proc ess in the cell, which in turn enhances production of oxygen metabolites and activate transport of substances into the cell [14] . In activated neutro phils there is a m arked increase in the intensity of the redox processes, which results (after the addi tion of luminol) in chemiluminescence. The major products of such redox reactions are metabolites o f NAD PH -oxidase and myeloperoxidase (mainly oxygen radicals and hydrogen peroxide), as well as arachidonic acid metabolites, e.g. prostaglandines and leukotrienes.
The effect of cinnamic acid derivatives on neu- Table I . Chemical structures of the tested cinnamic and acrylic acids' derivatives, and the percent inhibition (± SD) of neutrophil chemiluminescence (n = 3 -5 ).
X trophil chemiluminescence depends to a large ex tent on their redox reactions and metabolism of arachidonic acid. Derivatives possessing the dou ble bond in their side chain, and hydroxylic groups on their phenyl ring, are being easily oxidized to quinone-type compounds [19] . Similar oxidations occur with caffeic and gallic acids [20] . Subsequent oxidation of caffeic acid results with cleavage of the phenyl ring with creation of a carboxylic group, a process which is reasonably fast in alka line pH [21] . The m inor stimulation o f chemiluminescence dem onstrated by dihydrocinnamic and dihydrocaffeic acids results most probably from their lack of double bond, which makes them less susceptable to oxidation and from stimulation o f prosta glandin synthetase [15] . Caffeic, ferulic and isoferulic acids, but not dimethoxy-cinnamic acid, stimulate this enzyme, due to their anti-oxidative property [15] .
In summary, cinnamic acid derivatives seem to have a dual effect: inactivation of redox reactions on one hand, and participation in reactions involv ing arachidonic acid metabolism on the other. The latter reactions include reactions involving lipooxygenase, cyclo-oxygenase and prostaglandin synthetase. While the hydroxy-derivatives of cin namic acid represent the first route, the dihydroxycinnamic acid derivatives is typical to the second mechanism. Further tests are necessary to validate the structure-activity relationship between chemi luminescence and these two large groups of biologically-active compounds.
